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(54) Polyester and process for its preparation 

(57) A polyester which comprises dicarboxylic acid constituent units derived from terephthalic acid and naphthalen- 
edicarboxylic acid and diol constituent units derived from ethylene glycol, and which has the following properties: 



40 to 99.5% by weight of constituent units derived from terephthalic add, 0.5 to 60% by weight of constituent units 
derived from naphthalenedicarboxylic acid and 0 to 25% by weight of constituent units derived from isophthalic 
acid, based on the total amount of dicarboxylic acid constituent units, 

95 to 100% by weight of constituent units derived from ethylene glycol and 0 to 5% by weight of constituent units 
derived from a polyalkylene glycol having an alkyiene oxide chain of 2 to 10 carbon atoms, based on the total 
amount of diol constituent units, 
an intrinsic viscosity of 0.5 to 1 .5 dl/g, 

a melting point (Tm (°C)), as measured by a differential scanning calorimeter, which satisfies the following formula 

(0: 



[1/527-0.0017 • ln(1-(m,+m N )/200)] -273<Tm<;254 
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wherein m, is the proportion (% by mol) of constituent units derived from isophthalic acid to the total amount of 
dicarboxylic acid constituent units, and m N is the proportion (% by moI\) of constituent units derived from naphtha- 
lenedicarboxylic acid to the total amount of dicarboxylic acid constituent units, and 

an amount of constituent units which have the sequence naphthalenedicarboxylic acid- ethylene glycol -terephthalic 
acid (LfjEj (% by mol)), as measured by 1 H-NMR, which satisfies the following formula (II): 



L NET 2>0.5xm N 



(ID 



wherein m N is the proportion (% by mol) of constituent units derived from naphthalenedicarboxylic acid to the total 
amount of dicarboxylic acid constituent units. 
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Description 

FIELD OF THE INVENTION 

s [0001 ] The present Invention relates to a novel polyester and to a process for preparing a polyester. More particularly, 
the invention relates to a novel polyester having excellent gas barrier properties, transparency and heat resistance and 
hardly generate acetaldehyde and to a process for preparing such a polyester. 

BACKGROUND OF THE INVENTION 

10 

[0002] Because of their excellent gas barrier properties, transparency and mechanical strength, saturated polyesters 
such as polyethylene terephthalate are widely used for containers such as bottles. Particularly, the bottles obtained by 
biaxial stretching blow molding (draw blow molding) of polyethylene terephthalate are excellent in transparency, 
mechanical strength, heat resistance and gas barrier properties, so that they have been extensively used as containers 

is (PET bottles) to be filled with drinks such as juice, soft drinks and carbonated beverages. 

[0003] Such bottles are generally produced by a process comprising molding a saturated polyester into a preform hav- 
ing a neck part and a body part, inserting the preform in a mold of given shape, and subjecting the preform to stretching 
blow molding to stretch the body part, thereby producing a bottle having a neck part and a stretched body part. 
[0004] The polyester bottles, particularly polyester bottles for drinks such as juice, are required to have heat resist- 

20 ance high enough for heat sterilization of the contents therein, and therefore the bottles are generally further subjected 
to heat treatment (heat setting) after the blow molding to improve the heat resistance. 

[0005] In the polyester bottles obtained by the above process, however, the neck parts are unstretched and inferior 
to the stretched body parts in the mechanical strength and the heat resistance. In general, therefore, the neck parts of 
the preforms are heated to crystallize prior to the blow molding, or the neck parts of the bottles obtained by blow mold- 

25 ing are heated to crystallize, thereby improving the neck parts in the mechanical strength and the heat resistance. 
[0006] In recent years, the sizes of bottles produced from the polyester resins (particularly polyethylene terephthalate) 
tend to be made smaller. In case of such small-sized bottles, the contact area between the contents and the bottle body 
part per unit volume is increased, and thus loss of gas or permeation of oxygen from the outside may have a bad influ- 
ence on the contents, resulting in decrease of shelf life of the contents. Accordingly, the polyester resins are required to 

30 have more excellent gas barrier properties than before. 

[0007] In order to improve the heat resistance and the gas barrier properties of the polyester resins, an attempt to 
blend polyethylene terephthalate with polyethylene naphthaiate has been proposed (see Japanese Patent Laid -Open 
Publication No. 34910/1996). The Wend of polyethylene terephthalate and polyethylene naphthaiate, however, gener- 
ates acetaldehyde when it is melt kneaded at a high temperature to improve compatibility, and this causes problems 

35 such as change of taste of the contents filled in the container and lowering of transparency. 

[0008] There has been also proposed a polyester composition comprising ethylene glycol and a dicarboxylic acid 
component which comprises terephthalic acid as a major ingredient and naphtha! enedicarboxytic acid. This polyester 
composition, however, does not always have sufficient gas barrier properties and sometimes generates acetaldehyde. 
Accordingly, development of a polyester composition having more excellent gas barrier properties and hardly generat- 

40 ing acetaldehyde is desired. 

OBJECT OF THE INVENTION 

[0009] The present invention has been made with a view to solve such problems in the prior art as mentioned above, 
45 and it is an object of the invention to provide a polyester having excellent gas barrier properties, transparency and heat 
resistance and hardly generating acetaldehyde and to provide a process for preparing such a polyester. 

SUMMARY OF THE INVENTION 

so [001 0] The polyester according to the present invention is a polyester which comprises dicarboxylic acid constituent 
units derived from terephthalic acid and naphthalenedicarboxylic acid and diol constituent units derived from ethylene 
glycol, and which has the following properties: 

constituent units derived from terephthalic acid are 40 to 99.5 % by weight, constituent units derived from naphtha- 
55 lenedicarboxylic acid are 0.5 to 60 % by weight and constituent units derived from isophthalic acid are 0 to 25 % by 
weight all based on the total amount of dicarboxylic acid constituent units (i), 

constituent units derived from ethylene glycol are 95 to 100 % by weight and constituent units derived from a poly- 
alkytene glycol having an alkylene oxide chain of 2 to 10 carbon atoms are 0 to 5 % by weight, both based on the 
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total amount of diol constituent units 00. 

the intrinsic viscosity is in the range of 0.5 to 1.5 dl/g, 

the melting point (Tm (°C)), as measured by a differential scanning calorimeter, satisfies the following formula (I): 
5 [1/527-0.001 7 • ln(1 -(m ,+m N )/200)] * 1 -273 < Tm £ 254 (!) 

wherein m ( is a proportion (% by mot) of the constituent units derived from isophthalic acid to all of the dicarboxylic 
acid constituent units, and m N is a proportion (% by mol) of the constituent units derived from naphthalenedicarbo- 
xylic acid to all of the dicarboxylic acid constituent units, and 
10 the amount of constituent units having a sequence of naphthalenedicarboxylic acid-ethylene glycolterephthalic acid 
O-net (% by mol)), measured by 1 H-NMR, satisfies the following formula (II): 

L NET 2>0.5xm N (II) 

15 wherein m N is a proportion (% by mol) of the constituent units derived from naphthalenedicarboxylic acid to all of 
the dicarboxylic acid constituent units. 

[001 1 ] The process for preparing a polyester according to the present invention comprises 

20 blending (A) polyethylene terephthalate before solid phase polymerization having an intrinsic viscosity of 0.3 to 0.8 
dl/g in an amount of 99 to 40 % by weight, with (B) polyethylene naphthalate before solid phase polymerization hav- 
ing an intrinsic viscosity of 0.3 to 0.7 dl/g in an amount of 1 to 60 % by weight, and 
subjecting the blend to solid phase polymerization. 

25 [001 2] The polyethylene naphthalate (B) preferably comprises 

(i) dicarboxylic acid constituent units comprising 100 to 55 % by weight of naphthalenedicarboxylic acid constituent 
units and 0 to 45 % by weight of isophthalic acid constituent unites, and 

(ii) diol constituent units comprising 100 to 90 % by weight of ethylene glycol constituent units and 0 to 10 % by 
30 weight of polyaikylene glycol constituent units having an alkyiene oxide chain of 2 to 10 carbon atoms. 



[001 3] The diol constituent units preferably comprises 99.999 to 90 % by weight of ethylene glycol constituent units 
and 0.001 to 10 % by weight of polyaikylene glycol constituent units having an alkyiene oxide chain of 2 to 10 carbon 
atoms. 

[0014] The polyaikylene glycol preferably has a degree of polymerization (n) of 5 to 50, and is particularly preferably 
polytetramethylene glycol. 

[0015] In the present invention, it is preferable that the blend is heated to precrystallize it prior to the solid phase 
polymerization, and it is particularly preferable that the blend to be subjected to the solid phase polymerization has a 
heat-up crystallizing temperature of not higher than 190 °C. 

DETAILED DESCRIPTION QF THE INVENTION 

[0016] The novel polyesters and the process for preparing a polyester according to the invention are described in 
detail hereinafter. 

45 

Novel polyester 

[0017] The novel polyester according to the present invention comprises dicarboxylic acid constituent units derived 
from terephthalic acid, naphthalenedicarboxylic acid and optionally isophthalic acid, and diol constituent units derived 

so from ethylene glycol and optionally a polyaikylene glycol having an alkyiene oxide chain of 2 to 10 carbon atoms. 

[0018] In the polyester, the dicarboxylic acid constituent units comprise constituent units derived from terephthalic 
acid in amounts of 40 to 99.5 % by weight, preferably 50 to 95 % by weight; constituent units derived from naphthalen- 
edicarboxylic acid in amounts of 0.5 to 60 % by weight, preferably 5 to 50 % by weight; and constituent units derived 
from isophthalic acid in amounts of 0 to 25 % by weight, all based on the total amount of dicarboxylic acid constituent 

55 units. Although the constituent units derived from isophthalic acid may not be present, it is desirable that these constit- 
uent units are preferably present in amount of 0.5 to 20 % by weight. 

[0019] The polyester may contain constituent units derived from dicarboxylic acids other than the terephthalic acid, 
naphthalenedicarboxylic acid and isophthalic acid in amounts, for example not more than 15 % by weight, within limits 
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not prejudicial to the object of the invention. 

[0020] Examples of other dicarboxylic acids include: 

aromatic dicarboxylic acids, such as phthalic acid, diphenyldicarboxylic acid and diphenoxyethanedicarboxylic acid; 
5 aliphatic dicarboxylic acids, such as succinic acid, glutaric acid, adipic acid, sebacic acid, azelaic acid and decan- 

edicarboxylic acid; and 

alicyclic dicarboxylic acids, such as cyclohexanedicarboxylic acid. 

[0021 ] It is desirable that the diol constituent units comprise constituent units derived from ethylene glycol in amounts 
io of 95 to 1 00 % by weight, preferably 95 to 99.999 % by weight, more preferably 96 to 99.99 % by weight, and constituent 
units derived from a polyalkylene glycol having an alkylene oxide chain of 2 to 10 carbon atoms in amounts of 0 to 5 % 
by weight, preferably 0.001 to 5 % by weight, more preferably 0.01 to 4 % by weight, both based on the total amount of 
diol constituent units. 

[0022] Although the polyester of the invention may not contain the polyalkylene glycol constituent units, it is desirable 
is that these units are present in the aforementioned range, with regard to gas barrier properties, heat-up crystallizing 
rate, transparency and heat stability in molding processes. 

[0023] The polyalkylene glycol having an alkylene oxide chain of 2 to 1 0 carbon atoms is a conventionally known poly- 
alkylene glycol, and can be prepared by condensing an alkylene glycol of 2 to 10 carbon atoms in accordance with a 
known method. 

20 [0024] The polyalkylene glycol desirably has a degree of polymerization (n) of 5 to 50, preferably 10 to 45. 

[0025] Examples of the polyalkylene glycols include polyethylene glycol, polypropylene glycol, polytetram ethylene 
glycol, polyheptamethylene glycol, polyhexamethylene glycol and polyoctamethylene glycol. Of these, preferable are 
polypropylene glycol, polytetramethylene glycol, polyhexamethylene glycol and polyoctamethylene glycol, because 
they contribute to improvement of gas barrier properties. Particularly preferable is polytetramethylene glycol. 

25 [0026] The polyester may further contain constituent units derived from diols other than the ethylene glycol and the 
polyalkylene glycol in amounts, for example not more than 15 % by weight, within limits not prejudicial to the object of 
the invention. 

[0027] Examples of other diols include: 

30 aliphatic glycols, such as diethylene glycol, triethylene glycol, tetraethylene glycol, propylene glycol, butanediol, 
pentanediol, neopentyl glycol, hexamethylene glycol and dodeca methylene glycol; 
alicyclic diols. such as cyclohexanedimethanol; 

glycols containing aromatic groups, such as 1,3-bis(2-hydroxyethoxy)benzene, 1.2 -bis(2-hydroxyethoxy)benzene 
and 1 ,4 -bis(2-hydroxyethoxy)benzene; and 
35 aromatic diols, such as bisphenols, hydroquinone and 2,2-bis(4-p-hydroxyethoxyphenyl)propane. 

[0028] These diols may be used in combination two or more kinds. Of these diols, preferable are diethylene glycol and 
cyclohexanedimethanol. 

[0029] The polyester may further contain constituent units derived from polycarboxylic acids having 3 or more car- 
40 boxyl groups and polyhydric alcohols having 3 or more hydroxy! groups, within limits not prejudicial to the object of the 

invention. Examples of polycarboxylic acids are trimesic acid and pyromelllitic anhydride, and examples of polyhydric 

alcohols are glycerol, 1,1,1-trimethylolethane, 1,1.1-trimethylolpropane, 1,1,1-trimethylolmethane and pentaerythritol. 

[0030] The novel polyester according to the present invention desirably has an intrinsic viscosity (ri), as measured in 

o-chlorophenol at 25 °C, of 0.5 to 1 .5 dl/g, preferably 0.6 to 1 .2 dl/g. 
45 [0031 ] In the novel polyester, the melting point (Tm (°C)), as measured by a differential scanning calorimeter, satisfies 

the following formula (I): 

[1/527-0.001 7 • ln(1 -(m ,+m N )/200)] 1 -273 < Tm ^ 254 ( lj 

so wherein m| is a proportion (% by md) of the constituent units derived from isophthalic add to all of the dicarboxylic acid 
constituent units, and m N is a proportion (% by mol) of the constituent units derived from naphtha! enedicarboxylic acid 
to all of the dicarboxylic acid constituent units. 

[0032] The melting point (Tm (°C)) preferably satisfies the following formula (I 1 ): 
55 [1/527-0.001 7 • ln(1 -(m ,+m N )/200)] " 1 -270 < Tm ^ 254 (r) 

[0033] In the novel polyester, the amount of constituent units having a sequence of naphtha! enedicarboxylic acid-eth- 
ylene glycol-terephthalic acid (\-uet (% by mol)), as measured by 1 H-NMR, satisfies the following formula (II): 
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L NET :>0.5 xm N (II) 

wherein m N is a proportion (% by mol) of the constituent units derived from naphthalenedicarboxylic acid to all of the 
dicarboxytic acid constituent units. 
5 [0034] In the formula (II). L^^j is preferably l~ net * 0.55 xm N , more preferably 8xm N 2 L NET £ 0.6 x m h 

[0035] The amount of constituent units having a sequence of naphthalenedicarboxylic acid -ethylene glycoltereph- 
thalic acid (Lmet) is determined as follows: 

[0036] The measurement is carried out using a FT-NMR measuring machine (manufactured by Nippon Electronics 
Co.. NMRJMN-GX270 model) for a solution of the polyester of the invention or a molded product thereof dissolved in 
10 deuterochloroform. 

[0037] There are depicted on the chart (1) a peak based on constituent units having a sequence of terephthalic acid 
(or isophthalic acid) -ethylene glycol -terephthalic acid (or isophthafic acid). (2) a peak based on constituent units having 
a sequence of naphthalenedicarboxylic acid-ethylene glycolnaphthalenedicarboxylic acid, and (3) a peak based on 
constituent units having a sequence of naphthalenedicarboxylic acid-ethylene glycolterephthalic acid. Each of peak 
15 areas are measured and the amount of constituent units having a sequence of naphthalenedicarboxylic acid-ethylene 
glycolterephthalic acid (Lmet) is calculated as a ratio between these peak areas. 

[0038] It is desirable that the polyester has a haze value, as measured for a 5 mm-thick square plate obtained by injec- 
tion molding at an injection molding temperature of 280 °C and a mold temperature of 10 °C. of not more than 20 %, 
preferably not more than 18 %. 
20 [0039] The polyester of the invention desirably has an acetaldehyde content of not more than 20 ppm, preferably not 
more than 18 ppm. 

[0040] The polyester of the invention can be prepared by the later-described process. 

[0041] The polyester of the invention may optionally contain additives commonly added to polyesters, such as color- 
ants, antioxidants, oxygen absorbents, ultraviolet light absorbers, antistatic agents and flame retardants. In the polyes- 
25 ter, recycled PET may arbitrarily blended. The polyester may furthermore contain resins other than polyesters, such as 
polyethylene, ionomers, polypropylene and polyester elastomers, if desired. 

[0042] The polyester of the invention can be used as a material of various molded products such as preforms, bottles, 
(oriented) films and sheets, after palletizing it to polyester pellets and blending the pellets with another resin and an 
additive, if desired. These molded products bay be laminated ones having at least one layer formed from the polyester 
30 of the invention or having at least one layer formed from a Wend of the polyester of the invention and another resin. This 
layer may be any of inner, outer and intermediate layers 

[0043] Examples of resins for forming other layers include polyesters, such as polyethylene terephthalate and poly- 
ethylene isophthalate; polyamides. such as nylon 6 and ehylene/vinyl acetate copolymers. Of these, polyethylene 
terephthalate is particularly preferable. 
35 [0044] Bottles produced from the polyester as described above are excellent in gas barrier properties, transparency 
and heat resistance. Moreover, the bottles hardly generate acetaldehyde, so that the taste of the contents such as juice 
does not deteriorate. 

[0045] Next, the process for preparing a polyester according to the present invention is described. 

40 Process for preparing polvest er 

[0046] The process for preparing a polyester according to the invention comprises 

blending (A) polyethylene terephthalate before solid phase polymerization having an intrinsic viscosity of 0.3 to 0.8 
45 dl/g in an amount of 99 to 40 % by weight, with (B) polyethylene naphthalate before solid phase polymerization hav- 
ing an intrinsic viscosity of 0.3 to 0.7 dl/g in an amount of 1 to 60 % by weight, and 
subjecting the blend to solid phase polymerization. 

(A) Polyethylene terephthalate 

50 

[0047] The polyethylene terephthalate for use in the invention comprises dicarboxylic acid units derived from tereph- 
thalic acid or its ester derivative and diol units derived from ethylene glycol or its ester derivative. 
[0048] Trie dicarboxylic acid units of the polyethylene terephthalate (A) contain terephthalic acid units in amounts of 
not less than 80 % by mol, preferably 85 to 100 % by mol, based on 100 % by mol of the dicarboxylic acid units. 
55 [0049] Examples of other dicarboxylic acids which may be contained in amounts of not more than 20 % by mol 
include: 

aromatic dicarboxylic acids, such as phthalic acid (orthophthalic acid), isophthalic acid, 2,6-naphthalenedicarboxy- 
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lie acid, 2,7-naphthaIenedicarboxylic acid, 2,5-naphthalenedicarboxylic acid, diphenyWicarboxylic acid and diphe- 
noxyethanedicarboxylic acid; 

aliphatic dicarboxylic acids, such as succinic acid, glutaric acid, acfipic acid, sebacic acid, azelaic acid and decan- 
edicarboxylic acid; and 

alicyciic dicarboxylic acids, such as cyclohexanedicarboxylic acid. 

[0050] Also employable are ester derivatives of these dicarboxylic acids, and these dicarboxylic acids or their ester 
derivatives can be used in combination of two or more kinds. 
[0051] Of these dicarboxylic acids, preferable is isophthalic acid. 

[0052] The diol units of the polyethylene terephthalate (A) desirably contain ethylene glycol units in amounts of not 

less than 80 % by mol, preferably 85 to 100 % by mol, based on 100 % by mol of the diol units. 

[0053] Examples of other diols which may be contained in amounts of not more than 20 % by mol include: 

aliphatic glycols, such as diethyl en e glycol, tri ethylene glycol, tetraethylene glycol, tri methylene glycol, propylene 
glycol, butanediol, pentanediol, neopentyl glycol, hexamethylene glycol and dodecamethylene glycol; 
alicyciic glycols, such as cydohexanedi methanol; 

glycols containing aromatic groups, such as 1,3-bis(2-hydroxyethoxy)benzene, 1,2-bis(2-hydroxyethoxy)benzene, 
1 ,4-(2-hydroxyethoxy)benzene and dihydroxyethoxyresorcinol; and 

aromatic diols. such as bisphenols, hydroquinone and 2,2-bis(4-p-hydroxyethoxyphenyl)propane. 

[0054] Also employable are ester derivatives of these diols, and these diols or their ester derivatives can be used in 
combination of two or more kinds. 

[0055] Of these diols, preferable are di ethylene glycol and cyclohexanedimethanol. 

[0056] The polyethylene terephthalate for use in the invention may further contain units derived from polycarboxylic 
acids having 3 or more carboxyl groups and polyhydric alcohols having 3 or more hydroxy I groups, within limits not prej- 
udicial to the object of the invention. Examples of polycarboxylic acids are trimesic acid and pyromellrtic anhydride, and 
examples of polyhydric alcohols are glycerol, 1,1,1-trimethylol ethane, 1,1,1 -tri methylolpropane. 1,1.1-trimethylolmeth- 
ane and pentaerythritol. 

[0057] The polyethylene terephthalate for use in the invention is substantially linear, and this can be confirmed by the 
fact that the polyethylene terephthalate is dissolved in o-chlorophenol. 

[0058] The polyethylene terephthalate for use in the invention desirably has an intrinsic viscosity (r\) t as measured in 
o-chlorophenol at 25 °C, of 0.3 to 0.8 dl/g, preferably 0.35 to 0.75 dl/g, and is a product obtained after liquid phase 
polymerization and before solid phase polymerization. 

[0059] The polyethylene terephthalate desirably has a melting point, as measured by a differential scanning calorim- 
eter (DSC, heating rate: 10 °C/min), of usually 210 to 265 °C, preferably 220 to 260 °C, and has a glass transition tem- 
perature of usually 50 to 120 °C, preferably 60 to 100 °C. 

[0060] The polyethylene terephthalate for use in the invention may be precrystallized, if necessary. The precrystalli- 
zation can be carried out by heating the polyethylene terephthalate at a temperature of usually 130 to 200 °C for about 
1 to 360 minutes. 

[0061] The polyethylene terephthalate can be prepared by a conventional process. For example, the aforesaid dicar- 
boxylic acid and diol are directly esterrfied and then melt polymerized in the presence of a polycondensation catalyst 
such as a germanium compound (e.g. germanium dioxide), an antimony compound (e.g., antimony trioxide, antimony 
acetate) or a titanium compound (e.g., titanium tetraalkoxide). or an ester of the dicarboxylic acid and the diol are sub- 
jected to transesterification in the presence of a transesterrfication catalyst and then melt polymerized in the presence 
of a polycondensation catalyst such as a germanium compound (e.g. germanium dioxide), an antimony compound 
(e.g., antimony trioxide, antimony acetate) or a titanium compound (e.g., titanium tetraalkoxide). 

(B) Polyethylene naphthalate 

[0062] The polyethylene naphthalate (B) for use in the invention comprises dicarboxylic acid constituent units derived 
from naphthalenedicarboxylic acid and diol constituent units derived from ethylene glycol. 

[0063] As the polyethylene naphthalate (B), particularly preferable is a polyethylene naphthalate copolymer compris- 
ing dicarboxylic acid constituent units derived from naphthalenedicarboxylic acid and isophthalic acid and diol constitu- 
ent units derived from ethylene glycol and a polyaikytene glycol having an alkylene oxide chain of 2 to 10 carbon atoms. 
[0064] It is desirable that the polyethylene naphthalate (B) contains naphthalenedicarboxylic acid units in amounts of 
100 to 55 % by weight, preferably 100 to 75 % by weight, more preferably 99 to 80 % by weight, based on the total 
amount of the dicarboxylic acid constituent units, and contains isophthalic acid constituent units in amounts of 0 to 45 
% by weight, preferably 0 to 25 % by weight, more preferably 1 to 20 % by weight, based on the total amount of the 
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dicarboxylic acid constituent units. 

[0065] The polyethylene naphthalate (B) having such composition of the dicarboxylic acid constituent units is partic- 
ularly excellent in gas barrier properties and is also excellent in heat stability and moldabilhy in the molding process. 
[0066] The polyethylene naphthalate (B) for use in the invention may contain constituent units derived from dicarbo- 
5 xytic acids other than the 2,6-naphthalenedicarboxylic acid and the isophthalic acid in amounts of less than 15 % by 
mol, within limits not prejudicial to the object of the invention. 

[0067] Examples of other dicarboxylic acids which may be contained in amounts of less than 15 % by mol include: 

aromatic dicarboxylic acids, such as terephthalic acid, phthalic acid (orthophthalic acid), 2,7-naphthalenedicarbox- 
10 ylic acid, 2,5-naphthalenedicarboxylic acid, diphenyldicarboxylic acid and diphenoxyethanedicarboxylic acid; 

aliphatic dicarboxylic acids, such as succinic acid, glutaric acid, adipic acid, sebacic acid, azelaic acid, decanedi- 
carboxylic acid; and 

alicyclic dicarboxylic acids, such as cyclohexanedjcarboxylic acid. 

15 [0068] Also employable are ester derivatives of these dicarboxylic acids, and these dicarboxylic acids or their ester 
derivatives can be used in combination of two or more kinds. 
[0069] Of these dicarboxylic acids, preferable is terephthalic acid. 

[0070] It is desirable that the polyethylene naphthalate (B) contains ethylene glycol constituent units in amounts of 
100 to 90 % by weight, preferably 99.999 to 90 % by weight more preferably 99.99 to 92 % by weight, still more prefer- 
20 ably 99.9 to 94 % by weight, particularly preferably 99.5 to 95 % by weight, based on the total amount of the diol con- 
stituent units. 

[0071 ] The polyethylene naphthalate (B) preferably contains polyalkylene glycol constituent units having an alkylene 
oxide chain of 2 to 10 carbon atoms. In this case, it is desirable that the polyalkylene glycol constituent units are con- 
tained in amounts of 0 to 10 % by weight, preferably 0.001 to 10 % by weight, more preferably 0.01 to 8 % by weight, 
25 still more preferably 0. 1 to 6 % by weight, particularly preferably 0.5 to 5 % by weight, based on the total amount of the 
diol constituent units. 

[0072] When the content of the polyalkylene glycol constituent units is not less than 0.001 % by weight, the gas barrier 
properties and the heat-up crystallizing rate of the polyethylene naphthalate (B) are satisfactory. When the content 
thereof is not more than 10 % by weight, the polyethylene naphthalate has high transparency and shows excellent heat 
30 stability in the molding process. 

[0073] The polyalkylene glycol having an alkylene oxide chain of 2 to 10 carbon atoms is a conventionally known poly- 
alkylene glycol, and such a polyalkylene glycol can be prepared by cocondensing an alkylene glycol of 2 to 10 carbon 
atoms in accordance with a known method. 

[0074] The polyalkylene glycol desirably has a degree of polymerization (n) of 5 to 50, preferably 10 to 45. 

35 [0075] Examples of the polyalkylene glycols include polyethylene glycol, polypropylene glycol, polytetramethylene 
glycol, polyheptamethylene glycol, polyhexamethylene glycol and polyoctamethylene glycol. Of these, preferable are 
polypropylene glycol, polytetramethylene glycol, polyhexamethylene glycol and polyoctamethylene glycol, because 
they contribute to improvement of gas barrier properties. Particularly preferable is polytetramethylene glycol. 
[0076] The polyethylene naphthalate (B) for use in the invention may further contain constituent units derived from 

40 diols other than the ethylene glycol and the polyalkylene glycol having an alkylene oxide chain of 2 to 10 carbon atoms 
in amounts of less than 15 % by mol, within limits not prejudicial to the object of the invention. 
[0077] Examples of other diols which may be contained in amounts of less than 15 % by mol include such diols as 
previously exemplified with respect to the, polyethylene terephthalate (A). Of such diols, preferable are diethylene glycol 
and 1 ,3-bis(2-hydroxyethoxy)benzene. 

45 [0078] The polyethylene naphthalate (B) for use in the invention may further contain units derived from such polycar- 
boxylic acids having 3 or more carboxyl groups and such polyhydric alcohols having 3 or more hydroxy! groups as pre- 
viously described with respect to the polyethylene terephthalate (A). Specifically, the units derived from the 
polyfunctional carboxyl ic acid and/or the units derived from the polyhydric alcohol may be contained independently in 
amounts of 0.05 to 0.4 % by mol, preferably 0.1 to 0.35 % by mol, more preferably 0.2 to 0.35 % by mol, based on 100 

so % by mol of the dicarboxylic acid units. 

[0079] The polyethylene naphthalate (B) for use in the invention desirably has an intrinsic viscosity (n), as measured 
in o-chlorophenol at 25 °C, of 0.3 to 0.7 dl/g, preferably 0.35 to 0.65 dl/g. The polyethylene naphthalate (B) desirably 
has a melting point, as measured by a differential scanning calorimeter (DSC, heating rate: 10 °C/min), of usually 220 
to 280 °C, preferably 230 to 275 °C, and has a glass transition temperature of usually 90 to 140 °C, preferably 100 to 

55 130 °C. 

[0080] The polyethylene naphthalate (B) may be precrystallized, if necessary. The precrystallization can be carried 
out by heating the polyethylene naphthalate at a temperature of usually 160 to 230 °C for about 1 to 360 minutes. 
[0081] The polyethylene naphthalate (B) for use in the invention can be prepared by a conventional process. For 
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example, the aforesaid dicarboxytic acid and diol are directly esterified and then melt polymerized in the presence of a 
polycondensation catalyst such as a germanium compound (e.g. germanium dioxide), an antimony compound (e.g., 
antimony trioxide, antimony acetate) or a titanium compound (e.g., titanium tetraalkoxtde), or an ester of the dicarboxytic 
acid and the diol are subjected to transesterH ication in the presence of a transesterif ication catalyst and then melt 
5 polymerized in the presence of a polycondensation catalyst such as a germanium compound (e.g. germanium dioxide), 
an antimony compound (e.g. t antimony trioxide, antimony acetate) or a titanium compound (e.g.. titanium tetraalkox- 
ide). 

Blending of polyesters 

10 

[0082] In the present invention, 99 to 40 % by weight, preferably 98 to 50 % by weight, of the polyethylene terephtha- 
late (A) and 60 to 1 % by weight, preferably 50 to 2 % by weight, of the polyethylene naphthalate (B) are blended with 
each other. 

[0083] The blending can be carried out by mixing the polyethylene terephthalate (A) with the polyethylene naphthalate 
is (B) in the above mixing ratio and melt kneading the mixture at 260 to 330 °C for 30 to 300 seconds. After the kneading, 
the resulting blend is processed into chips by means of an extruder or the like. The average diameter of the chips is 
preferably in the range of 2.0 to 5:0 mm. 

[0084] In the blending of the polyethylene terephthalate (A) with the polyethylene naphthalate (B), a transesterif ication 
catalyst and a lubricant may be optionally added. 
20 [0085] Examples of the transesterif ication catalysts include germanium dioxide, antimony trioxide, antimony acetate 
and titanium tetrabutoxide. The transesterif ication catalyst is desirably used in an amount of 0.0005 to 0.1 part by 
weight, preferably 0.001 to 0.05 part by weight, based on 100 parts by weight of the blend. 

[0086] Examples of the lubricants include magnesium stearate and calcium stearate. The lubricant is desirably used 
in an amount of 0.0005 to 0.1 part by weight, preferably 0.001 to 0.05 part by weight, based on 100 parts by weight of 
25 the blend. 

[0087] It is desirable that the blend thus obtained has a heat-up crystallizing temperature (Tec) of not higher than 1 90 
°C, preferably not higher than 180 °C, more preferably 120 to 1 70 °C. 

[0088] The heat-up crystallizing temperature (Tec) is determined using a differential scanning calorimeter of DSC-7 
model manufactured by Perkin Elmer Co. in the following manner. 

30 [0089] A sample of about 10 mg is collected from the center of the chip of the polyester blend which has been dried 
under a pressure of about 5 mmHg at about 140 °C for at least about 5 hours. The sample is introduced into an alumi- 
num pan for liquids of the DSC in a nitrogen atmosphere, and the pan is closed. The sample is first rapidly heated from 
room temperature at a heating rate of 320 °C/min, maintained at 290 P C for 10 minutes under melting, rapidly cooled to 
room temperature at a cooling rate of 320 °C/min, maintained at room temperature for 10 minutes and finally heated at 

35 a heating rate of 1 0 °C/min, to detect exothermic peaks, and the temperature at the maximum peak is found. 

[0090] The blend desirably has an intrinsic viscosity (n), as measured in o-chlorophenol at 25 °C, of 0.3 to 0.9 dl/g, 
preferably 0.35 to 0.85 dl/g. 

Solid phase polymerization of blend 

40 

[0091] The chips of the blend obtained as above are then subjected to solid phase polymerization. 

[0092] The solid phase polymerization is generally carried out by heating the chips of the blend at a temperature of 

180 to 230 °C. preferably 190 to 220 °C. 

[0093] It is desirable that the chips of the blend are in a dry state when subjected to the solid phase polymerization. 
45 Therefore, the chips of the blend may be beforehand dried at a temperature of 80 to 180 °C. In the present invention, 
the blend may also be precrystallized prior to the solid phase polymerization. Precrystallization of the blend is carried 
out by heating the blend at a temperature of 120 to 200 °C, preferably 140 to 180 °C. 

[0094] The polyester obtained as above has an intrinsic viscosity (rj), as measured in o-chlorophenol at 25 °C, of 0.5 
to 1 .5 dl/g, preferably 0.6 to 1.2 dl/g. It is desirable that the intrinsic viscosity of the polyester is about 1 .1 to 2.5 times. 
so preferably 1 .2 to 2.0 times, greater than the intrinsic viscosity of the blend before the solid phase polymerization. 

[0095] In the present invention, the resulting solid phase polymerization product may be subjected to a hot water treat- 
ment. The hot water treatment can be carried out by immersing the solid phase polymerization product in hot water of 
70 to 120 °C for 1 to 360 minutes. 

[0096] The polyester obtained by the process of the invention may optionally contain additives commonly added to 
55 polyesters, such as colorants, antioxidants, ultraviolet light absorbers, antistatic agents and flame retardants. 

[0097] The polyester prepared by the process of the invention can be used as a material of various molded products 
such as preforms, bottles, (oriented) films and sheets. The bottles produced from the polyester composition are excel- 
lent in gas barrier properties, transparency and heat resistance. Moreover, the bottles hardly generate acetaldehyde. 
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so that the taste of the contents such as juice does not deteriorate. 
EFFECT OF THE INVENTION 

s [0098] According to the invention, a polyester having excellent gas barrier properties, transparency and heat resist- 
ance and hardly generating acetaldehyde can be obtained. 

EXAMPLE 

10 [0099] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

[0100] In the following examples, properties were evaluated by the methods described below 
Intrinsic viscosity 

15 

[0101] A sample was dissolved in an o-chlorophenol solvent to prepare a sample solution having a concentration of 
1 g/dl, and the solution viscosity of the solution was measured at 25 °C by means of an Ubbelohde capillary viscometer. 
Then, o-chlorophenol was slowly added to the solution to measure solution viscosities on the low concentration side. 
From the obtained data, the viscosity at the concentration of 0 % was extrapolated. 

20 

Carton dipxide gas permeability constant (gas barrier prqp ^^ 

[01 02] The carbon dioxide gas permeability constant was measured by means of a gas permeability measuring appa- 
ratus GPM-250 manufactured by G.L Science Co. under the conditions of a temperature of 23 °C and a relative humid- 
25 ity of 60 %. 

[0103] The film for use in the measurements was prepared in the following manner. 

[01 04] Oriented film : A film having a thickness of 0.3 mm was prepared by a press molding machine (mold tempera- 
ture: 290 °C), and the film was rapidly cooled under the conditions of a cooling mold temperature of 0 °C to give an 
amorphous film. Then, the amorphous film was subjected to simultaneous biaxial orientation (3x3 times) at a temper- 
so ature higher by 15 °C than the glass transition temperature (Tg) to obtain an oriented film. 

Transparency (haze) 

[0105] A dry polymer was molded into a square plate having a thickness of 5 mm by means of an injection molding 
35 machine (cylinder temperature: 280 °C) under the conditions of a mold temperature of 10 °C. and the transparency of 
the square plate was evaluated by measuring a haze (irregular reflectance of white light). 

Acetaldehyde content 

40 [0106] From the molded product, a sample of about 2 g was collected, and the sample was freeze crushed by means 
of a freeze crusher (manufactured by SPEX Co.) to obtain a powdered sample. Then, 1 g of the powdered sample was 
introduced into a vial, and 2 ml of distilled water was added thereto, followed by sufficiently mixing them. After the vial 
was capped, it was heated at 120 °C for 1 hour. Then, the vial was cooled in ice water, and 5 |il of the supernatant was 
measured on the acetaldehyde content by a gas chromatography (GC-6A manufactured by Shimazu Seisakusho K.K). 

45 



[0107] The measurement is carried out using a FT-NMR measuring machine (manufactured by Nippon Electronics 
Co., NMRJMN-GX270 model) for a solution of the resulting polyester dissolved in deuterochloroform. 

so [0108] There are depicted on the chart (1) a peak based on constituent units having a sequence of terephthalic acid 
(or isophthalic acid) -ethylene glycol-terephthalic acid (or isophthalic acid). (2) a peak based on constituent units having 
a sequence of naphthalenedicarboxylic acid-ethylene glycolnaphthalenedicarboxylic acid, and (3) a peak based on 
constituent units having a sequence of naphthalenedicarboxylic acid-ethylene glycolterephthalic acid. Each of peak 
areas are measured and the amount of constituent units having a sequence of naphthalenedicarboxylic acid-ethylene 

55 glycolterephthalic acid (Lnet ( % b Y mol)) is calculated as a ratio between these peak areas. 
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Melting point 

[0109] The melting point was measured using a differential scanning calorimeter of DSC-7 model manufactured by 
Perkin Elmer Co. A sample of about 10 mg is collected from the center of the chip of the polyester which has been dried 
5 under a pressure of about 5 rrunHg at about 140 °C for at least about 5 hours. The sample is introduced into an alumi- 
num pan for liquids of the DSC in a nitrogen atmosphere, and the pan is closed. 

[01 10] The sample was first rapidly heated from room temperature at a heating rate of 320 °C/min, maintained at 290 
°C for 10 minutes under melting, thereafter rapidly cooled to room temperature at a cooling rate of 320 °C/min, main- 
tained at room temperature for 10 minutes and finally heated at a healing rate of 10 °C/min, to detect endothermic 
io peaks, and the temperature at the maximum peak is found as the melting point. 

Example 1 

Polyethylene terephthalate (a-1) 

15 

[01 1 1 ] A slurry consisting of 332 g of high-purity terephthalic acid and 1 43 g of ethylene glycol was prepared. To the 
slurry, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added. The resulting slurry was heated to a 
temperature of 255 °C under a pressure (absolute pressure: 1.7 kg/cm 2 ) to perform esterification reaction until the 
degree of esterification became 95 %, whereby a low molecular weight polymer was prepared. Then, the low molecular 
20 weight polymer was melt polymerized at a temperature of 280 °C under a reduced pressure of 1 Torr to produce a pre- 
polymer of polyethylene terephthalate (A-1) having an intrinsic viscosity of 0.615 dl/g. The prepolymer was extruded 
from a nozzle to give a strand, and the strand was cut into column-like chips having a diameter of 2.5 mm and a height 
of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 158 °C. 

25 Polyethylene naphthalate copolymer (B-1) 

[0112] A slurry consisting of 228 g of 2,6-dimethyl naphthalate, 19 g of dimethyl isophthalate, 143 g of ethylene glycol 
and 1 .9 g of polytetramethylene glycol having an average molecular weight of 1 ,000 was prepared. The slurry and 0.25 
g of manganese acetate tetrahydrate were introduced into a reactor, and they were reacted in a nitrogen atmosphere 

30 at 240 °C for 3 hours at atmospheric pressure with stirring. Then, the reaction was further conducted at a temperature 
of 260 °C for 3 hours to prepare a low molecular weight polymer. The methanol produced by the reaction was continu- 
ally distilled off from the reaction system. To the reaction mixture, 0.042 g of germanium dioxide and 0.080 g of phos- 
phoric acid were added, and melt polymerization of the low molecular weight polymer was conducted at a temperature 
of 285 °C under a reduced pressure of 1 Torr to produce a prepolymer of a polyethylene naphthalate copolymer (B-1) 

35 having an intrinsic viscosity of 0.643 dl/g. The prepolymer was extruded from a nozzle to give a strand, and the strand 
was cut into column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. 

Blending of polyesters 

40 [011 3] A dry blend of 90 parts by weight of the prepolymer of the polyethylene terephthalate (A-1) and 1 0 parts by 
weight of the prepolymer of the polyethylene naphthalate copolymer (B-1) was melt kneaded at a molding temperature 
of 295 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.) for a residence time 
in the cylinder of 120 seconds. The kneadate was extruded from a nozzle to give a strand, and the strand was cut into 
column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. The prepolymer blend had a heat-up crystalliz- 
es ing temperature of 150 °C. 

Solid Phase polymerization 

[01 1 4] The chips obtained above were heated at 1 70 °C for 2 hours in a stream of nitrogen to precrystallize them and 
so then further heated at 210 °C for 1 6 hours to perform solid phase polymerization. 

[01 1 5] The resulting polyester had an intrinsic viscosity of 0.835 dl/g. The oriented film produced from the polyester 
composition had a carbon dioxide gas permeability constant of 9. 1 cc • mm/m 2 • day • atm, a haze of 9.8 %, an amount 
of constituent units having a sequence of naphthalenedicarboxylic acid-ethylene glycolterephthalic acid (Lnet) of 9.2 % 
by mol and an acetaldehyde content of 1 1 ppm. 

55 
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Example 2 

Polyethylene naphthalate copolymer (B-2) 

5 [01 16] A slurry consisting of 228 g of 2,6-dimethyl naphthalate. 19 g of dimethyl isophthalate, 143 g of ethylene glycol 
and 1.9 g of polytetram ethylene glycol having an average molecular weight of 1 .000 was prepared. The resulting slurry 
and 0.25 g of manganese acetate tetrahydrate were introduced into a reactor and the reaction is conducted in a nitro- 
gen atmosphere under atmospheric pressure at 240 °C for 3 hours with stirring, whereby a low molecular weight poly- 
mer was prepared. Methanol produced by the reaction was continuously distilled off from the reaction system. To the 

10 reaction mixture, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added, and the low molecular 
weight polymer was melt polymerized at a temperature of 280 °C under a reduced pressure of 1 Ton* to produce a pre- 
polymer of a polyethylene naphthalate copolymer (B-2) having an intrinsic viscosity of 0.623 dl/g. The prepolymer was 
extruded from a nozzle to give a strand, and the strand was cut into column-like chips having a diameter of 2.5 mm and 
a height of 3.5 mm. 

15 

Blending of polyesters 

[01 1 7] A dry blend of 60 parts by weight of the prepolymer of the polyethylene terephthalate (A-1 ) prepared in Exam- 
ple 1 and 40 parts by weight of the prepolymer of the polyethylene naphthalate copolymer (B-2) was melt kneaded at a 
20 molding temperature of 295 °C by means of a single-screw extruder (diameter: 20 mm. manufactured by Thermo Co.) 
for a residence time in the cylinder of 120 seconds. The kneadate was extruded from a nozzle to give a strand, and the 
strand was cut into column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. The prepolymer blend had 
a heat-up crystallizing temperature of 158 °C. 

25 Solid phase polymerization 

[01 18] The chips obtained above were heated at 170 °C for 2 hours in a stream of nitrogen to precrystallize them and 
then further heated at 210 °C for 16 hours to perform solid phase polymerization. 

[0119J The resulting polyester had an intrinsic viscosity of 0.842 cfl/g. The oriented film produced from the polyester 
30 had a carbon dioxide gas permeability constant of 5.8 cc • mm/m 2 • day • atm, a haze of 9.2 %, an amount of constituent 
units having a sequence of naphthalenedicarboxylic acid-ethylene glycol -terephthaic acid (Ln ET ) of 26.8 % by mol and 
an acetaldehyde content of 13 ppm. 

Example 3 

35 

Polyethylene terephthalate (A-2) 

[01 20] A slurry consisting of 388 g of dimethyl terephthalate and 1 36 g of ethylene glycol was prepared. To the slurry, 
0.049 g of manganese acetate tetrahydrate was added, and the mixture was heated to 180 °C at atmospheric pressure 

40 to perform reaction until the degree of transesterification became 95 %, whereby a low molecular weight polymer was 
prepared. To the reaction mixture, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added, and melt 
polymerization of the low molecular weight polymer was conducted at a temperature of 280 °C under a reduced pres- 
sure of 1 Torr to produce a prepolymer of polyethylene terephthalate (A-2) having an intrinsic viscosity of 0.598 dl/g. The 
prepolymer was extruded from a nozzle to give a strand, and the strand was cut into column-like chips having a diam- 

45 eter of 2.5 mm and a height of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 153 °C. 

Polyethylene naphthalate copolymer (B-3) 

[0121 ] A slurry consisting of 228 g of 2,6-dimethyl naphthalate, 19 g of dimethyl isophthalate, 143 g of ethylene glycol 
so and 1 .9 g of polytetramethylene glycol having an average molecular weight of 2,000 was prepared. To the slurry, 0.49 
g of manganese acetate tetrahydrate was added, and the mixture was heated to 1 80 °C at atmospheric pressure to per- 
form reaction until the degree of transesterification became 95 %. whereby a low molecular weight polymer was pre- 
pared. To the reaction mixture, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added, and melt 
polymerization of the low molecular weight polymer was conducted at a temperature of 280 °C under a reduced pres- 
55 sure of 1 Torr to produce a prepolymer of a polyethylene naphthalate copolymer (B-3) having an intrinsic viscosity of 
0.598 dl/g. The prepolymer was extruded from a nozzle to give a strand, and the strand was cut into column-like chips 
having a diameter of 2.5 mm and a height of 3.5 mm. 
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Blending of polyesters 

[0122] A dry blend of 30 parts by weight of the prepoiymer of the polyethylene terephthalate (A-2) and 10 parts by 
weight of the prepoiymer of the polyethylene naphthalate copolymer (B-3) was melt kneaded at a molding temperature 
s of 295 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.) for a residence time 
in the cylinder of 90 seconds. The kneadate was extruded from a nozzle to give a strand, and the strand was cut into 
column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. The prepoiymer Wend had a temperature rise 
crystallizing temperature of 156 °C. 

10 Solid phase polymerization 

[01 23] The chips obtained above were heated at 1 70 °C for 2 hours in a stream of nitrogen to precrystallize them and 
then further heated at 210 °C for 16 hours to perform solid phase polymerization. 

[0124] Trie resulting polyester had an intrinsic viscosity of 0.826 dl/g. The oriented film produced from the polyester 
is had a carbon dioxide gas permeability constant of 1 0. 1 cc • mm/m 2 • day • atm, a haze of 8.6 %, an amount of constitu- 
ent units having a sequence of naphthalenedicarboxylic acid-ethylene glycol-terephthaic acid (Lm ET ) of 7.8 % by mol 
and an acetaldehyde content of 10 ppm. 

Example 4 

20 

Polyethylene naphthalate copolymer (B-4) 

[01 25] A slurry consisting of 1 86 g of 2,6-dimethyl naphthalate, 38 g of dimethyl isophthalate, 1 43 g of ethylene glycol 
and 1 .9 g of polytetramethylene glycol having an average molecular weight of 1 ,000 was prepared. To the slurry, 0.49 

25 g of manganese acetate tetrahydrate was added, and the mixture was heated to 1 80 °C at atmospheric pressure to per- 
form reaction until the degree of transesterif ication became 95 %, whereby a low molecular weight polymer was pre- 
pared. To the reaction mixture, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added, and melt 
polymerization of the low molecular weight polymer was conducted at a temperature of 280 °C under a reduced pres- 
sure of 1 Torr to produce a prepoiymer of a polyethylene naphthalate copolymer (B-4) having an intrinsic viscosity of 

30 0.630 dl/g. The prepoiymer was extruded from a nozzle to give a strand, and the strand was cut into column- like chips 
having a diameter of 2.5 mm and a height of 3.5 mm. 

Blending of polyesters 

35 [0126] A dry blend of 90 parts by weight of the prepoiymer of the polyethylene terephthalate (A-1) obtained in Exam- 
ple 1 and 10 parts by weight of the prepoiymer of the polyethylene naphthalate copolymer (B-4) was melt kneaded at a 
molding temperature of 285 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.) 
for a residence time in the cylinder of 120 seconds. The kneadate was extruded from a nozzle to give a strand, and the 
strand was cut into column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. The prepoiymer Wend had 

40 a heat-up crystallizing temperature of 148 °C. 

Solid phase polymerization 

[01 27] The chips obtained above were heated at 1 70 °C for 2 hours in a stream of nitrogen to precrystallize them and 
45 then further heated at 210 °C for 16 hours to perform solid phase polymerization. 

[0128] The resulting polyester had an intrinsic viscosity of 0.842 dl/g. The oriented film produced from the polyester 
had a carbon dioxide gas permeability constant of 9.8 cc * mm/m 2 • day • atm, a haze of 6.8 %, an amount of constituent 
units having a sequence of naphthalenedicarboxylic acid-ethylene glycol-terephthaic acid (I_n ET ) of 8.5 % by mol and 
an acetaldehyde content of 1 1 ppm. 

50 

Example § 

Polyethylene naphthalan (B-5) 

55 [0129] A slurry consisting of 250 g of 2,6-dimethyl naphthalate and 142 g of ethylene glycol was prepared. To the 
slurry, 0.49 g of manganese acetate tetrahydrate was added, and the mixture was heated to 180 °C at atmospheric 
pressure to perform reaction until the degree of transesterif ication became 95 %, whereby a low molecular weight pol- 
ymer was prepared. To the reaction mixture, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added. 
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and melt polymerization of the low molecular weight polymer was conducted at a temperature of 280 °C under a 
reduced pressure of 1 Torr to produce a prepolymer of polyethylene naphthalate (B-5) having an intrinsic viscosity of 
0.625 dl/g. The prepolymer was extruded from a nozzle to give a strand, and the strand was cut into column-like chips 
having a diameter of 2.5 mm and a height of 3.5 mm. 

5 

Blending of polyesters 

[0130] A dry blend of 90 parts by weight of the prepolymer of the polyethylene terephthalate (A-1) obtained in Exam- 
ple 1 and 10 parts by weight of the prepolymer of the polyethylene naphthalate (B-5) was melt kneaded at a molding 
w temperature of 295 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.) for a res- 
idence time in the cylinder of 120 seconds. The kneadate was extruded from a nozzle to give a strand, and the strand 
was cut into column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. The prepolymer Wend had a heat- 
up crystallizing temperature of 156 °C. 

15 Solid Phase polymerization 

[01 31 ] The chips obtained above were heated at 1 70 °C for 2 hours in a stream of nitrogen to precrystallize them and 
then further heated at 210 °C for 16 hours to perform solid phase polymerization. 

[0132] The resulting polyester had an intrinsic viscosity of 0.841 dl/g. The oriented film produced from the polyester 
20 had a carbon dioxide gas permeability constant of 1 4.5 cc • mm/m 2 • day • atm, a haze of 1 7.8 %, an amount of constit- 
uent units having a sequence of naphthalenedicarboxylic acid-ethytene glycol-terephthaic acid (Lm ET ) of 6.1 % by mol 
and an acetaldehyde content of 16 ppm. 

Comparative Example 1 

25 

[0133] The prepolymer of the polyethylene terephthalate (A-1) obtained in Example 1 was melt kneaded at a molding 
temperature of 275 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.). The 
kneadate was extruded from a nozzle to give a strand, and the strand was cut into column -like chips having a diameter 
of 2.5 mm and a height of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 1 42 °C. 

30 

Solid phase polymerization 

[0134] The chips obtained above were heated at 1 70 °C for 2 hours in a stream of nitrogen to precrystallize them and 
then further heated at 210 °C for 16 hours to perform solid phase polymerization. 
35 [0135] The resulting polyester had an intrinsic viscosity of 0.830 dl/g. The oriented film produced from the polyester 
had a carbon dioxide gas permeability constant of 1 6.8 cc • mm/m 2 • day • atm, a haze of 7.2 %, an amount of constitu- 
ent units having a sequence of naphthalenedicarboxylic acid-ethylene glycol-terephthaic acid (Lm ET ) of 0 % by mol and 
an acetaldehyde content of 14 ppm. 

40 Comparative Example 2 

Solid phase polymerization product of polyethylene terephthalate (A-1) 

[0136] A slurry consisting of 332 g of high-purity terephthalic acid and 1 43 g of ethylene glycol was prepared. To the 
45 slurry, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were added. The resulting slurry was heated to a 
temperature of 255 °C under a pressure (absolute pressure: 1.7 kg/cm 2 ) to perform esterrfication reaction until the 
degree of esterrfi cation became 95 %, whereby a low molecular weight polymer was prepared. The low molecular 
weight polymer was melt polymerized at a temperature of 280 °C under a reduced pressure of 1 Torr to produce a pre- 
polymer of polyethylene terephthalate (A-1) having an intrinsic viscosity of 0.615 dl/g. The prepolymer was extruded 
so from a nozzle to give a strand, and the strand was cut into column-like chips having a diameter of 2.5 mm and a height 
of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 158 °C. Then, the chips were precrystallized at 
170 °C for 2 hours in a stream of nitrogen and then subjected to solid phase polymerization at 210 °c for 16 hours in a 
nitrogen atmosphere. The resulting polyester had an intrinsic viscosity of 0.835 dl/g. 

55 Polyethylene naphthafrte copolymer (B-6) 

[0137] A slurry consisting of 228 g of 2.6-dimethyl naphthalate, 19gof dimethyl isophthalate, 143 g of ethylene glycol 
and 1 .9 g of polytetramethylene glycol having an average molecular weight of 1 .000 was prepared. The slurry and 0.25 
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g of manganese acetate tetrahydrate were introduced into a reactor, and they were reacted in a nitrogen atmosphere 
at 240 °C for 3 hours at atmospheric pressure with stirring. Then, the reaction was further conducted at a heating tem- 
perature of 260 °C for 3 hours to prepare a low molecular weight polymer. The methanol produced by the reaction was 
continually distilled off from the reaction system. To the reaction mixture. 0.042 g of germanium dioxide and 0.080 g of 
5 phosphoric acid were added, and melt polymerization of the low molecular weight polymer was conducted at a temper- 
ature of 285 °C under a reduced pressure of 1 Torr to produce a prepotymer of a polyethylene naphthalate copolymer 
(B-6) having an intrinsic viscosity of 0.815 dl/g. The prepotymer was extruded from a nozzle to give a strand, and the 
strand was cut into column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. 

10 Blending of polyesters 

[0138] A dry blend of 90 parts by weight of the solid phase polymerization product of the polyethylene terephthalate 
(A-1) and 10 parts by weight of the prepolymer of the polyethylene naphthalate copolymer (B-6) was melt kneaded at 
a molding temperature of 295 °C by means of a single-screw extruder (diameter: 20 mm, manufactured by Thermo Co.) 

15 for a residence time in the cylinder of 240 seconds. The kneadate was extruded from a nozzle to give a strand, and the 
strand was cut into column-like chips having a diameter of 2.5 mm and a height of 3.5 mm. The polyester had a heat- 
up crystallizing temperature of 1 56 °C. The intrinsic viscosity of the polyester was 0.820 dl/g. The oriented film produced 
from the polyester had a carbon dioxide gas permeability constant of 13.8 cc • mm/m 2 • day • atm, a haze of 15.3 %, an 
amount of constituent units having a sequence of naphthaienedicarboxylic acid-ethylene glycol-terephthaic acid (Lnet) 

20 of 3.5 % by mol and an acetaldehyde content of 1 9 ppm. 

Comparative Example 3 
Polyethylene tereohthalate (A-3) 

25 

[0139] A slurry consisting of 1 75 g of dimethyl terephthalate, 23 g of 2,6-dimethyl naphthalate, 2 g of dimethyl isoph- 
thalate, 143 g of ethylene glycol and 0.2 g of polytetram ethylene glycol having an average molecular weight of 1,000 
was prepared. The slurry and 0.25 g of manganese acetate tetrahydrate were introduced into a reactor, and they were 
reacted in a nitrogen atmosphere at 180 °C for 3 hours at atmospheric pressure with stirring. Then, the reaction was 
30 further conducted at a heating temperature of 200 °C for 3 hours to prepare a low molecular weight polymer. The meth- 
anol produced by the reaction was continually distilled off from the reaction system. 

[0140] To the low molecular weight polymer, 0.042 g of germanium dioxide and 0.080 g of phosphoric acid were 
added, and melt polymerization of the low molecular weight polymer was conducted at a temperature of 285 °C under 
a reduced pressure of 1 Torr to produce a prepolymer of polyethylene terephthalate (A-3) having an intrinsic viscosity 
35 of 0.628 dl/g. The prepolymer was extruded from a nozzle to give a strand, and the strand was cut into column-like chips 
having a diameter of 2.5 mm and a height of 3.5 mm. The prepolymer had a heat-up crystallizing temperature of 1 65 °C. 

Solid phase pc-lymerizalipn 

40 [0141 ] The chips obtained above were heated at 1 70 °C for 2 hours in a stream of nitrogen to precrystallize them and 
then further heated at 210 °C for 16 hours to perform solid phase polymerization. 

[0142] The resulting polyester had an intrinsic viscosity of 0.843 dl/g. The oriented film produced from the polyester 
had a carbon dioxide gas permeability constant of 14.5 cc • mm/m 2 • day • atm, a haze of 7. 1 %, an amount of constitu- 
ent units having a sequence of naphthaienedicarboxylic acid-ethylene glycol-terephthaic acid (Lnet) of 168 % bv mo1 
45 and an acetaldehyde content of 13 ppm. 
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Table 1 



5 




r uiycu lyici ic 

terephthalate 
prepolymer 
(parts by weight) 


ruiyeu lyiene 

naphthalate pre- 
polymer (parts 
by weight 


m l 


m N 


OOIKJ pncLoc 

polymerization 
after blending 


intrinsic viscos- 

ity (dl/g) 




Ex. 1 


A-1: 90 


B-1: 10 


1 


9 


done 


0.835 


10 


Ex.2 


A-1:60 


B-2:40 


4 


36 


done 


0.842 




Ex.3 


A-2:90 


B-3: 10 


1 


9 


done 


0.826 




Ex.4 


A-1:90 


B-4: 10 


1 


9 


done 


0.842 


15 


Ex.5 


A-1:90 


B-5: 10 


0 


10 


done 


0.841 


Comp. Ex. 1 


A-1: 100 










0.830 


20 


Comp. Ex. 2 


Solid phase 
polymerizetion 

r*ir/"\Hi i/"4 A _ 1 * Qf\ 

prouuci r\- 1 . yu 


B-6: 10 


1 


9 


not done 


0.820* 1 


womp. ex. O 


ao. inn 




1 








25 




/"^/"\ /ioc? norma 

perme- 
ability constant 
(*3) 


naze \7o) 


1 

Lnet 


pU pun rvtn- 

opi30ri^ con- 
tent (ppm) 


0.0017 -ln(1 - 
(m|+rrifc|)/200]" 1 - 
273 (°C) 


i m \ Ks) 




Ex. 1 


9.1 


9.8 


9.2 


11 


231 


245 




Ex. 2 


5.8 


9.2 


26.8 


13 


166 


230 


30 


Ex.3 


10.1 


8.6 


7.8 


10 


231 


245 


Ex.4 


9.8 


6.8 


8.5 


11 


231 


246 




Ex.5 


14.5 


17.8 


6.1 


16 


231 


248 




Comp. Ex. 1 


16.8 


7.2 


0 


14 


254 


254 


35 


Comp. Ex. 2 


13.8 


15.3 


3.5 


i 19 


231 


251 




Comp. Ex. 3 


14.5 


7.1 


16.8 


13 


231 


231 



*1 : The intrinsic viscosity in Comp. Ex. 2 is an intrinsic viscosity of a blend because the polyethylene terephthalate (A-1) after 
solid phase polymerization was used in Comp. Ex. 2. 
40 *2: In Comp. Ex. 1 , the prepolymer of the polyethylene terephthalate (A-1 ) was subjected to solid phase polymerization after 

belt kneading, and in Comp. Ex. 3, the prepolymer of, the polyethylene terephthalate (A-3) was subjected to solid phase 
polymerization. 

*3: The carbon dioxide gas permeability constant is expressed in cc • mm/m 2 • day * atm. 
45 Claims 

1 . A polyester which comprises dicarboxylic acid constituent units derived from terephthalic acid and naphthalenedi- 
carboxylic acid and diol constituent units derived from ethylene glycol, and which has the following properties: 

so 40 to 99.5% by weight of constituent units derived from terephthalic acid, 0.5 to 60% by weight of constituent 

units derived from naphthalenedicarboxylic acid and 0 to 25% by weight of constituent units derived from iso- 
phthalic acid, based on the total amount of dicarboxylic acid constituent units 

95 to 100% by weight of constituent units derived from ethylene glycol and 0 to 5% by weight of constituent 
units derived from a polyalkylene glycol having an alkylene oxide chain of 2 to 10 carbon atoms, based on the 
55 total amount of diol constituent units. 

an intrinsic viscosity of 0.5 to 1 .5 dl/g. 

a melting point (T m (°C)), as measured by a differential scanning calorimeter, which satisfies the following for- 
mula (I): 
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[1/527-0.0017 • ln(1-(m,+m N )/200)]' 1 *273<Tms:254 (j) 

wherein m, is the proportion (% by mol) of constituent units derived from isophthalic acid to the total amount of 
dicarboxylic acid constituent units, and rriN is the proportion (% by mol\) of constituent units derived from naph- 
thalenedicarboxyiic acid to the total amount of dicarboxylic acid constituent units, and 
an amount of constituent units which have the sequence naphthalenedicarboxylic acid-ethylene glycol -tereph- 
thalic acid (Ln ET (% by mol)) f as measured by 1 H-NMR, which satisfies the following formula (II): 

L NET 2>0.5xm N (II) 

wherein m N is the proportion (% by mol) of constituent units derived from naphthalenedicarboxylic acid to the 
total amount of dicarboxylic acid constituent units. 

2. A polyester according to claim 1 , wherein the melting point (Tm (°C)) satisfies the following formula (I*): 

[1/527-0.001 7 • ln(1 -(m ,+m N )/200)] * 1 -270<Tm<:254 (r) 

3. A polyester according to claim 1 or 2, wherein the degree of polymerization (n) of the polyalkylene glycol is 5 to 50. 

20 4. A polyester according to any one of claims 1 to 3, wherein the polyalkylene glycol is polytetram ethylene glycol. 

5. A polyester according to any one of claims 1 to 4, wherein the polyester has a haze value, as measured using a 5 
mm-thick square plate obtained by injection molding at an injection molding temperature of 280°C and a mold tem- 
perature of 10°C, of not more than 20%. 
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6. A polyester according to any one of claims 1 to 5, wherein the polyester has an acetaldehyde content of not more 
than 20 ppm. 

7. A process for preparing a polyester, comprising: 

blending (A) polyethylene terephthalate before solid phase polymerization having an intrinsic viscosity of 0.3 to 
0.8 dl/g in an amount of 99 to 40% by weight, with (B) polyethylene naphthalate before solid phase polymeri- 
zation having an intrinsic viscosity of 0.3 to 0.7 dl/g in an amount of 1 to 60% by weight, and 
subjecting the blend to solid phase polymerization. 

8. A process according to claim 7, wherein the polyethylene naphthalate (B) comprises 



(i) dicarboxylic acid constituent units comprising 100 to 55% by weight of naphthalenedicarboxylic acid and 0 
to 45% by weight of isophthalic acid, and 
40 (ii) diol constituent units comprising 100 to 90% by weight of ethylene glycol and 0 to 10% by weight of a poly- 

alkylene glycol having an alkylene oxide chain of 2 to 10 carbon atoms. 

9. A process according to claim 8, wherein the diol constituent units comprise 99.999 to 90% by weight of ethylene 
glycol and 0.001 to 10% by weight of a polyalkylene glycol having an alkylene oxide chain of 2 to 10 carbon atoms. 

45 

10. A process according to claim 8 or 9, wherein the degree of polymerization (n) of the polyalkylene glycol is 5 to 50. 

11. A process according to any one of claims 8 to 10, wherein the polyalkylene glycol is polytetramethylene glycol. 

so 1 2. A process according to any one of claims 7 to 1 1 , wherein the blend is heated to precrystaliize it prior to the solid 
phase polymerization. 

1 3. A process according to any one of claims 7 to 1 2, wherein the blend to be subjected to solid phase polymerization 
has a heat-up crystallizing temperature of not higher than 190°C. 
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